The present study investigates for the first time the historical bricks of The Red Monastery (west Sohag, Egypt) 
Introduction
Recently, architectural heritage preservation, as an interdisciplinary research area, attracts researchers' attention of many fields (e.g. archaeology, architecture, geology and Engineering). Geology and archaeology share the same aspects. They can achieve the different remnants of the past [1] . Burning bricks can be considered as a result of an artificial technique (natural or unnatural mixture of sediments which is transformed by low pressure process -high temperature). Thus, classical geological studies integrated with statistical analysis of geochemical data are powerful methods for describing the materials used in the red brick industry in order to infer the sources of potential raw materials and to model possible mixtures of components to maintain them. The Red Monastery (V-IV century AD) is one of the most important Coptic Orthodox monasteries in the Sohag Governorate, Egypt, which known as a sacred site since early christianity in Upper Egypt. The name of the monastery (red) is driven from the overall colour of its construction material. The monastery itself has several churches. The Red Monastery lies about eight kilometers west of Sohag City at the extreme western edge of the cultivated land within a small village called El-Deir, fig. (1-a) . The Red Monastery is surrounded by residential areas from the east and south and wastewater treatment plant and the newly reclaimed lands from west and north fig. (1-b) . From an architectural point of view, the Red Monastery is very important for art architectural historians [2] . Over centuries, the Red Monastery historical building was threated by diverse damage and deterioration processes which are responsible for altering its building materials quality and characters. There are many factors which lead to such deterioration and degradation effects such as action of climate conditions, air pollution, groundwater rises, microorganisms, negligence (i.e. uses of inappropriate restoration materials by inadequate preservation techniques [3] , rapidly increase of urbanization and agricultural expansion, the growth of pilgrims and visitors to the vulnerability places of the building and lack of financial supports for their restoration and conservation. Our study, describes the microstructure, geochemical, mineralogical composition and deterioration features of the Red Monastery wall bricks (to provide fundamental raw data on brick technology of such period of history). The main goals of this work are the determination of the possible provenance and probable raw materials used in the brick manufacturing as well as its possible firing technology. Also, we attempted to correlate the geochemical and petro-mineralogical composition to the deterioration features of the bricks to obtain valuable information for their future conservation and restoration plans by formulating a new brick/material using the proposed raw materials. 
Geographic, Geological Setting and Climate
The Red Monastery, at El-Deir village, lies on the west bank of the Nile River about 400 km south of Cairo and about 10 km to the west of Sohag City (Lat 26°33'17.18"N, and long 31°37' 11.29"E). The Red Monastery buildings located on the lowland desert area (altitude ranges between 70 and 140 m) bordered by the Eocene limestone plateau from the west and the cultivated modern floodplain land (altitude ranges between 55 and 65 m) from the east. The ground surface shows a general eastward slope toward the cultivated land, fig. (2-a) --- Figure ( 2) Shows a. ground surface contour map shows a general eastward slope and flow direction toward the study area and old cultivated lands, b. main geological units in Sohag area after [8] , c column plot of mean daily maximum and minimum temperature, Sohag, Egypt [10] , d. column plot of mean monthly amounts of precipitation [10] , e. column plot of mean evaporation [11] -Sohag, Egypt.
MATERIALS AND METHODS
In this study, field observations are carried out during 2016 for Red Monastery to characterize the external and deterioration features affected the bricks by standard and in situ visual inspections.
Materials
Several types of samples were collected from Red Monastery for investigate its current state. Five samples representative the brick units were randomly collected from the historical building during. In addition, 40 sediment samples were collected from local known sources around the Monastery to investtigate the geological origin of the brick raw materials, a total of. Also, 30 Nile alluvium sediments from cultivated lands and 10 calcareous clay sediments from wadi deposits were used for source area comparison.
Methods
Bulk major element compositions of bricks and sediments were analyzed with XRF (using JEOL JSX-3222 ELEMENT ANALYZER, operating at 30 kV and 0.6 mA), Central Lab, South Valley Univ. The acidity was measured by means of a digital pH meter (Cole Parmer) in suspension (1 brick powder: 2.5 water) after 15 minutes of orbital shacking. Ten grams of brick sample (<63µ) were orbitally shaken with 50ml of distilled water for 15min. 
Statistical treatments
The final major elements geochemical data, which consist of observations (i.e. samples) and variables (i.e. elements), have been treated using multivariate statistical methods. Cluster analysis (CA) is often used in the initial inspection of data because it is a rapid and efficient technique for evaluating relationships between a large numbers of samples, between which distance measures have been calculated [14] . CA classifies samples into distinct groups. The results are presented as dendrograms showing the order and levels of clustering as well as the distances/ similarity between individual samples. Principal components analysis (PCA) was then done to extract a minimum number of factors which explain satisfactory quantity of total variance of the data set. This analysis shows how variable the samples are, and which variables drive the variance within the data set. Each variable included in the analysis is assigned an eigenvector score that reflects the positive or negative influence each has on the principal components as well as the strength of that influence. To further test the validity of the geochemical groupings and variability we performed a canonical discriminant analysis (CDA) on the statistical set for the major elements. In contrast to the PCA, the CDA test takes groups of samples with known differences and determines which variables (elements) contribute to those differences.
The statistical analyses were performed with STATISTICA and MINITAB software packages.
RESULTS

Visual investigation
During the field observations of the historical building walls, different types of brick damages were evidenced. Figure. 
Mineralogical analyses by optical microscope and XRD
At the microscopic level, the Red Monastery bricks show number of mineral phases embedded in a cryptocrystalline to glassy ferruginous with low birefringence matrix. Among the mineral phases, newly formed Ca-rich plagioclase is the predominant feldspar phase, followed by epidotes and quartz, fig. (4-a,b,  c,d ,e,f). Quartz is observed in all thin sections, but much less abundant in the brick than in the precursor sediments i.e. Nile alluvium. Such observation can be explained by the fact that, the formation of new phases usually involves consumption of the primary phases as quartz, clay minerals and carbonates. In addition, the optical study revealed the presence minor amounts of prehnite and rare quantities of zoisite, apatite, tourmaline and opaque phases (iron minerals) as recorded by some authors [15, 16] . Furthermore, the study indicates the absence of both clay minerals and calcite, although they are originally existing in the proposed raw materials. Absence of those phases was proved through XRD analysis, fig.  (4-g ). Referring to Ca-rich materials, the decomposition of calcite to CaO and the reaction of the latter with free alumina and silica from breakdown of the clay determines the formation of high-temperature (850-900°C) mineral phases i.e. diopside, gehlenite and anorthite [17, 18] . The semi-quantitative mineralogical revealed no diffractions of lime (CaO) were found; yet, the patterns included those of gehlenite and diopside (of medium to weak inten-sity), those of hematite (very weak) and, particularly, those of anorthitic plagioclases (strong intensity). The former supposed process is supported by presence of bubbles (vugs) on the surface of the new anorthitic phase, fig. ( 4-e,f). In fact, there is a good association found between anorthite grains and large pores and vugs which originated from calcite decarbonatation during the-rmal cycle which leading to local calcium in high degree concentration and favors the in situ anorthite formation. In addition, presence of zoning in Caplagioclase indicates its formation under thermal effect. 
Bulk chemical composition and geochemical provenance of fired brick
Discussion
Numerous threats were supposed to impact the Red Monastery. These threats include agricultural expansion; municipal wastewater treatment ponds and the attached woody areas; increasing urban areas surrounding the monastery; climatic deterioration; and man-made impacts by inadequate restoration. These factors may damage and impact the wall bricks. Examination of space images, fig.  (2-a) revealed an increase in reclamation activities in the area. This expansion resulted in increasing irrigation which done without suitable drainage network. The northern and western directions from the Monastery are occupied by wastewater ponds and lagoons as well as the attached tree farms. Uncontrolled residential sprawl surrounds the Monastery from both eastern and southern directions also catastrophically threat its buildings. The leakage from irrigation water, domestic wastewater and evaporation ponds is the major source of groundwater recharge in the study area raising its level. The domestic wastewater characterized by high total soluble salts content especially chlorides and N-compounds which reacts with the lower parts of the building walls causing several damages and deterioration of bricks such as peeling, weakness and collapse of bricks, fig. (3-a,b,c) . In addition, the principal air threats associated with wastewater treatments are emission of hydrogen sulfide and chlorine gases through biochemical reactions in ponds and leakage from tanks respectively. These gases form acids especially in the presence of moisture. In the initial stage, which is represented by the core of the crystal, there was relict material of the original components and the formed crystals are still weak. In the latter stages the growing crystals become gradually stronger and gain more of their characteristics (e.g. crystal form and size).
SEM examination shows recrystallization of minute crystals from the vitreous phases probably a mixture of Ca silicates (e.g., diopside) and/or Ca-Al silicates (e.g., gehlenite), fig. (5) , the situation makes them difficult to identify under polarizing microscope but easy to characterize by XRD. High temperature mineral phases e.g. mullite or cristobalite were neither detected in SEM micrographs nor XRD patterns. The matrix is dark brown in color with abundant brownishred amorphous phases and sometimes display grains of epidote, fig. (4) . The common vitreous phases are isotropic under crossed nicols and proved by the rising of the background noise in the XRD data and SEM investigations. The studied sections also are characterized by abundant oval to rounded vugs resulted from degassing of the CO 2 from carbonate decomposition [19] . Such vugs are totally or partially filled with tiny crystals of new formed colourless prehnite characterized by its low relief and distinctive bow tie crystal form. Integration of mineralogical findings (i.e. petrographic, XRD and SEM analyses) with minerals transformation and their thermal stabilityies data obtained from literatures e.g. [20, 21, 22] ; can be used for esteeming the firing temperature as well as the behavior of the raw material used in the bricks manufacturing [23] considering its mineralogical composition. For example, montmorillonite and kaolinite clay minerals are originally present in the Nile alluvium sediments [4] and are not present in any of the studied brick samples, clearly indicates the firing temperatures for the brick samples studied exceeded 700°C result in their decomposition with release of free silica and alumina. In the interval of 600 to 800°C, carbonates completely decomposed [24] , giving rise to the formation of free lime (CaO). At approximately 700°C, metastable gehlenite (2CaO. Al 2 O 3 .SiO 2 ) starts to form due to the reaction of free alumina and silica with lime [25] . Gehlenite is not a common mineral in the Nile deposits and is stable in the 800 to 900°C tempe-rature range in which its presence indicates that the firing temperature did not exceed 900°C [26] . Vitrification starts at relatively lower temperature (~ 800°C) when car-bonates are present [27] . The considera-ble content of CaO (11.79 %) and MgO (9.16 %) from added carbonates act as fluxing agents [28] caused the amorphous phases founded, fig. (5) . The metastable calcium silicates (diopside) appear in the range 850-900°C [17, 29] . At this temperature, anorthite starts to form at the expenses of free alumina and silica (plus quartz) as reported by Cultrone [22] . The predominance of anorthite indicates that its formation temperature residence time was relatively longer. In addition, the absence of phases like mullite and/or cristobalite peaks indicates that the bricks had been burnt at low firing temperature and did not exceed 900°C [30] . During cooling of bricks induces fracturing allowing the influx of H 2 O/CO 2 rich fluids under relatively high pressure resulting in formation of retrograde assemblages of hydrous Ca-Al silicates minerals e.g. epidote and prehnite. The consuming reactions of anorthite released Ca and Al which are responsible for former minerals formation which formed in pore spaces and vesicles, or within the anorthite itself. Dependent upon results of this study and on the literature, it can be concluded that favoring temperature of raw material baking pastes used in manufacturing of the bricks did not exceed 900°C. Overall, it seems that the craftsmen's experience of brick technology and manufacturing allowed them to produce bricks by adding or mixing Ca rich sediments to the Nile alluvium deposits. This new bricks seems to have been quite pleasant, since craftsmen preferred to produce it rather than bricks formed from Nile alluvium or calcareous clay materials alone. Such technique was known by the Romans, who prefer Ca-rich sediments for their ceramics (both fine and coarse) than the more abundant lime-free deposits [29] .
To discriminate calcareous clays from Nile alluvium, it is not appropriate to employ trace element analysis [31] . The statistical treatment of the studied bricks based on major oxides geochemical data resulted in formation of two distinct groups for Nile alluvium and calcareous clays deposits, with the bricks showing a relatively distinct group between their chemical characteristics as discussed below. Cluster analysis was first applied to the geochemical dataset. The resulting dendrogram is noticed in fig. (8-a) . using single linkage as a grouping rule according to Euclidean distances and there are three clusters. Cluster (1) contains 30 samples (Nile alluvium sediments), cluster (2) contains 5 samples (red bricks) and the third contains 10 samples (calcareous clay sediments). The methodology successfully recognized the brick samples as a unique group when compared with entire data set. Figure ( 
Treatment Recommendations
The damage products that are related to or are often attached to the different types of surfaces are varied according to the damage caused to them. Based on the multiple damage, there are many methods, methods and materials used to remove the various forms of damage. Prior to the start of cleaning methods, the objective or purpose of cleaning is first identified. There are many important and important reasons for cleaning parts. Detecting and highlighting the aesthetic values of the red monastery, cleaning is a necessary work in the restoration. Cleaning here means the removal of harmful components from surfaces such as water-soluble salts and many pollutants. Cleaning is also an important step to prepare the surface for consolidation. Soil, mud calcification, and salt layers deposited on the surface can be removed using soft and coarse brushes, cutters and furs, metal, and wood. Also, modern methods using dry granular extrusion or dental drill machines were also utilized. It was believed that poultices were the most appropriate method of removing salts and mud calcification. Chemical cleaning was also used to remove iron rust stains using a 2 % solution of hydrofluoric acid. Additionally, the soil could be cleaned with a small amount of alkaline soap, (100 g soap, 100 cm 3 water, and 10 cm 3), but soap and ammonia should be removed. The foundations must be isolated from the soil to prevent access to ground water. Sewerage system must also maintain water network around the monastery. It was also necessary to create a network, aiming to reduce the level of ground water constantly, especially as the monastery is located at a low level of the surrounding reclaimed land and the surrounding tree farm, making it vulnerable to many different manifestations of damage. It was necessary to consolidate the brick structure damaged according to the rate of damage that could be used with the red brick of the monastery of calcium hydroxide, barium hydroxide or suitable polymer.
Conclusion
The study of the bricks from the historical site of Red Monastery (Sohag, Egypt) 
